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BACRGRODND OF THE INVENTION 
Field of. the Tnvenfclon 
5 The present Invention relates, in 

general, to a aethod of identifying ligands and 
antagonists of ligands. In particular, the present 
invention relates to a method of identifying 
ligands and antagonists of ligands which bind to 
10 cloned G,- or G, -coupled receptors. The present 
invention also relates to a cell coiiQ>rising a 
recombinant cyclic AMP sensitive reporter 
construct. 

Baclcaround Infomafeion 

3.5 In the last several years, numerous cDNAs 

or genes for hormones and neurotransmitters that 
coiq>le to G-proteins have been cloned. Nith only 
two exceptions - the receptors for insulin-like 
groirth factor II and glutamic acid - these G- 

20 coupled receptors are rather similar, and they are 
thought to comprise a large "super family" of 
proteins. By analogy to bacterial rhodopsin, the 
members of this superfamily are thought to contain 
seven membrane-spanning domains and have a number 

2S"' of highly conserved amino acids. ' As a 

consequence, oligonucleotide probes directed at 
shared domains of cloned receptors have been used 
at lov stringency to screen cDMA libraries for 
novel receptor candidates. More recently, primers 

30 directed at conserved domains of these receptors 

have been used in the polymerase chain reaction to 
clone additional candidates. The cDNAs obtained 
as described above, which encode "oinphzm 
receptors" for %rhich the endogenous ligand is not 
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mown, anist be expressed and the ligands which th 
receptors bind must be identified. This is n t as 
straightforward as it seems at first glanc . 
Scr ening with radiolab 11 d ligands is expensiv . 
5 It requires many (unstable) ligands and larg 

amounts of transfected cells. Functional screens, 
on the other hand, are hampered by the fact that 
one cannot guess from the structure of a receptor 
which second Messenger system it activates. Some 
G-protein coupled receptors activate phospholipase 
C or phospholipase A, and increase inositol 
phosphates and arachidonic ecid, respectively. 
Others activate (G.-coupled) or inhibit the 
activation (G.-coupled) of adenylate cyclase, 
increasing or decreasing the level of cyclic AMP 
in cells. The present invention provides simple 
and rapid methods for discovering the agonists 
which act on orphan G,- or G,-coupled receptors. 

The assay that has been developed employs* 
a novel mouse I. cell line, OTP2.0ZC. These I. 
cells contain a stably integrated fusion gene 
PLVIP2.0Z plasmid (Riabowol, K.T. et al.r (1988) 
Nature 336:83-86), consisting of the Escherichia 
coli lac Z gene under the transcriptional control 
of 2kb fragment derived from the vasoactive 
intestinal polypeptide (VIP) gene. This DNA 
segment includes the VIP promoter and a cyclic AMP 
responsive enhancer element (CRE) . Porskolin 
increases cellular cyclic AMP levels and thus can 
30 be used to induce the B-galactosidase enzyme in 
the LVIP2.0ZC. reporter cells.. After the cells 
are lysed. the enzyme activity can be detected by 
addition of a chromogenic substrate, o-nitrophenyl 
B-D-galactopyranoside (ONPG) . The product of the 
35 reaction, o-nitrophenol , is yellow in color and 
can be seen with the naked eye or measured 
spectrophotometrically at a wavelength of 405nm. 
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Th assay can b« perf rned in 96 veil 1:i88ue 
cul'ture pla-tes and a c omercially available plate 
r ad r can be used t m asure the levels of o- 
nitr phen 1 and record th results. 

Trans fecti n f cells with a putative 6.- 
coupled receptor allows one to induce the enzyse 
by adding the appropriate ligand. For exaaple, 
cells transfected with a fi,-adrenergic receptor 
cOKA increase their B-galactosidase levels in 
response to isoproterenol, c-cov^led receptors, 
on the other hand, inhibit the activation of 
adenylate cyclase. In the presence of the 
appropriate ligands the dopamine D.., nuscarinic 
cholinergic a,, or cannaQ>inoid transf acted 
receptors significantly reduce the forskolin- 
stimulated increase in B^alactosidase normally 
seen in LVZP2.0ZC cells. Thus, LVIP.OZc cells 
provide a rapid, convenient and semi^automated 
system in which a large number of putative ligands 
may be screened for binding to an "orphan 
receptor" transiently expressed in these cells. 

SDHMMnr OF THE INVENTION 

It is a general object of this -invention 
to provide a method of identifying ligands and 
antagonists of ligands. 

It is a specific object of this invention 
to provide a method of identifying ligands which 
bind to 6-protein coupled receptors. 

It is another object of this invention to 
provide a method of identifying an antagonist of a 
ligand wherein the ligand binds to a G-protein 
coupled receptor. 

It is a further object of this invention 
to provide a cell that comprises a recombinant 
cyclic AMP sensitive reporter construct. 



Purth r bj cts and advant:ag«a of the 
present: invention will be clear fro» the 
descripti n that follows. 

BRIEF DBSCaaPTIOH OF THB DRANZNGS 

Figure l. Detection of fl-galactosidase 
of color dovelopncnt of o-nitrophenol. LVlP2.02c 
cells were exposed for 8 hours to control medium 
(containing O.SmM IBKX) (o) , or control medium 
containing 0.5|iM forslcolin (Or or control medium 
containing l|iM (■) or 10 HECA (*>. After cell 
lysis and addition of the substrate ONP6, enzyme 
activity was measured as optical density at 405nm 
at various time intervals. Data are mean ± S.D- 
taken from one experiment that is representative 
of several. 

Figure 2. Induction of B-galac^osidase 
as a response to length of ligand exposure. 
I«VIP2.0Zc cells were incubated for 1, 2, 4, €, 8, 
12, 15 and 18 hours in control medium (containing 

0. 51nK IBMX) (□) , or control medium containing O.SjiM 
forskolin (•), or control medium containing 1/iM 
NECA (■) , or control medium containing 1|*M PGE, 

(A) . Data are mean ± S.D. from one representative 
esqperiment. 

m 

Figure 3. Induction of B-galactosidase 
as a response to different doses of ligands. 

1. VIP2.0ZC cells were treated for 8 hours with 
control medium (containing 6.5mM IBKX), and 0.1 or 
0.2 or 0.5 or 1/*M forskolin (•)# control medium 
and 0.1 or 0.5 or 1 or lO/iM NECA (■) , control 
medium containing 0.1 or 0.5 or 1 or lO/iM PGE, (*). 
Data are mean ± S.D. from a representative 
experiment. 
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Flgur 4 . A) Induction of 6- 
galaetosldase as a d se-r sponse for fi,-adrenergic 
rec ptor DNA -transf ct d LVIP2.0ZC c lis to 
is proteren 1. Cells were inctibated f r 8 hours 
5 with mediuB containing G.SdM IBMX, 100/tM ascorbic 
acid and 5x10"' to 10"* M isoproterenol. Data are 
mean ± S.O. from a representative e9q>eriBent. B) 
Induction of B-galactosidase as a tine-response 
for B,<-adrenergic receptor DNA transfected 
10 LVIP2.0ZC cells to isoproterenol. Cells were 

exposed for 2, 4, 6, 8, 12 and 18 hours to nedium 
containing O.SdM IBHX, lOO/iM ascorbic acid ± l/iM 
isoproterenol. Data are mean ± S.D. fr«B a 
representative experiment. 

15 Figure 5. Inhibition of forskolin- 

mediated induction of £-galactosidase by 
aldosterone secretion inhibitory factor during 
different exposure times. LVIP2.0Ze cells were 
ea^osed for 1, 2, 4, 6, B, IS, or 18 hours to 

20 control medium (containing O.SmM IBMX and 20ug/ml 

Bacitracin) (□) , or control medium containing 0.5/iK 
forskolin -f 1 |xM ASIF (O) , or - ASIF (•). Data 
are mean ± S.D. from a representative esqperiment. 

Figure 6. A) Inhibition of forskolin- 
25 mediated induction of B-galactosidase in dopamine 
receptor miA transfected LVIP2.0Ze cells as a 
' dose-response to different concentrations of 
dcq;>aBine or quinpirole. Cells were exposed for 6 
hours to medium containing 0.5mK IBMX and lOOfiM 
30 ascorbic acid and 0.5/<M forskolin ± 1 or 10f<M 

dopamine hydrochloride or 1, 10, lOO/iM quinpirole 
hydrochloride. Data are mean ± S.D. from one 
representative experiment. B) Inhibition of 
forskolin-mediated induction of B-galactosidase in 

■ - 5 - 
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caimablnoid r cept r DMA txansfected LVIP2.0Zc 
cells by CP5S940. Cells wer xp sed f r 6 hours 
to medium c ntaining O.SmM IBMX, O.SmM BSA and 
0.5/iM forsk lin ± ImM CP55940. Data ar - m an ± 
S S.D. from one r pres ntativ xperiaent. C) 

Inhibition for forskol in-mediated induction of B- 
galactosidase in human muscarinic acetylcholine 
(hm,) receptor DMA transfected LVIP2.0ZC cells by 
carbachol. Cells were exposed for 6 hours to 
iO medium containing O.SmM IBMX and 0.5|«M forskolin ± 
aM carbachol. Data are mean ± S.D. froa one 
representative experiment. 

DEXAZZSD DESCRIPTIOH OF TBE IHVEHTIOir 

The present invention relates to a fast, 
15 simple method to identify (1) ligands vhich bind 

to a G-protein coupled receptor and (2) 

antagonists of these ligands. 

In one embodiment, the method comprises: 

i) expressing a G.-coupled receptor gene in a cell 
20 wherein the cell contains a cyclic AMP sensitive 

reporter construct? ii) adding a ligand to the 

cell; and iii) assaying for the amount of cyclic 

AMP. 

in general, the construct comprises a 
25 cyclic AMP responsive regulatory element operably 
linked to a reporter gene. In a preferred 
efiibodiment, the cyclic AMP sensitive reporter 
construct coii5»rises a cyclic AMP responsive 
enhancer element operably linked to a promoter and 
30 a reporter gene. Suitable cyclic AMP responsible 
enhancer (CRE) elements are well known in the art. 
They include but are not limited to the CRE 
located on the 2 kb DHA fragment from the 
vasoactive intestinal polypeptide (VIP) gene. 
35 suitable promoters are also well known in the art. 



- 6 - 



ISOOCID:<mO 8S07294A1> 



They include but are not limited t the VIP 
prom ter d scribed her in. Farther, suitable 
report r genes ar also well known in th art. 
They includ but ar n t limited t : the Lac Z 
gene and the lucif erase gene. Specifically, the 
reporter construct used may be pLVIP2.0Z. 

The G^coupled receptor gene expressed in 
the cell may be stabily incorporated into the 
genome of the cell, may be transiently transfected 
into the cell, or may be endogenous to the cell.. 
Examples of 6-coupled receptors includes the human 
B,-adrenergic receptor; the human m, muscarinic 
acetylcholine receptor; the rat cannabinoid 
receptor; the dopamine D.^ receptor; VIP; secretin; 
vasopressin; oxytocin; serotonin; a*adrenergi«; 
metabolic glutamate; smd IL-8 receptors. 

Suitable host cells, if appropriate 
vectors are used, include both lower eucaryotes 
(for example, yeast) and higher eucaryotes (for 
example, mammalian cells - specifically, mouse 
cells) . Preferably, the assay uses a mouse L cell 
line (for example - Z.VIP2.0ZC, ATCC accession no. 
CRL 10871) which contains a cyclic AMP responsive 
reporter construct (for example - pIiVIP2-.OZ) . 

The methods of assaying for the 
expression of the reporter genes are well lcno%m in 
the art. in a preferred embodiment, the assaying 
step comprises adding a chromogenic substrate and 
assaying for a change in that substrate, one 
preferred chromogenic compound is o-nitrophenyl B- 
D-galactopyranoside . 

In a further embodiment, the present 
invention relates to a method of identifying an 
antagonist of a ligand wherein the ligand binds to 
a 6-protein coupled receptor. The method 
comprises: i) expressing a 6,-coupled receptor gene 
or cDHA in a cell wherein the cell contains a 
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cyclic AMP 8 Mitive r p rt r c nstruct; ii) 
adding a ligand and antagonist t th cell; and 
iii, assaying for the a» «nt of cyclic AMP. The 
cyclic AMP reporters, report r genes, -n^^^^^^^' 
5 L cells descrihed-abovc can be us d t identify 

antagenlsta. 

in a further Mnbodlaent, the present 

invention reXete. to . «tnod of """^J^^ 
lioand that bind, to a r«:«*or which inhibit. 
stlBOlation of adenylyl C3rcla«. The .ethod 
co^ri...: 1) expre..i»g - C-coupled receptor gene 
Of cWtt in . cell Wherein the cell contain, a 
e»cUc AMP .en.itlve reporter construct; 
^in, forsXoXin and candidate ligands, and iii) 
«»aylng for the anount of cyclic HIP. 

in a further enbodlaent, the present 
invention relate, to a .ethod of identifying " 
„tagonist of a ligand that bind, to a receptor 
which inhibits .tlwilation of adenylyl cycla.e. 
The method co»pri«.. « «*r.«.ing a G.-co»pled 
receptor or cBa in a cell wherein the cell 
contains forskolin ««1 a specif ic ligand and 

candidate antagonists, «»I i") «"'^"V^^t!^n 
anount of cyclic AMP, looleing for the inhibition 
of agonist induced reduction of forslcolin 

activity. , ^^ 

The nethod described herein can be used 

to screen large number, of ligaiidss for exai^le. 
as many as 22 ligands can be analyzed in - 
quadruplicate in a single 96 well plate. The 
^iMUlatlon or inhibition of stl-ulation is e«y 
to recognise, and positive re«ats c«. quiciay be 
confixmed. 
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35 



The present invention is described in 
further detail in the following non-limiting 
Examples. 
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EXAMPT-F^g 

det.li« '^^ ''^"'^ ^ experimental 

details are r fer need in the Examples that 
f 11 v; 

5 Mater i al «^ unless otherwise indicated, chemicals 
were obtained from SIGMA, culture media from 
Hhittaker Bioproducts, ASIF (Aldosterone Secretion 
inhibitory Factor) [Bovine] vas purchased from 
PENINSULA LABORATORIES, ONPG (O-NITROPHENYL-fl-D. 
10 galactopyranoside) was obtained from RESEARCH 

ORGANICS, (-).Propanolol hydrochloride. Dopamine 
hydrochloride, (-)-Quinpirole hydrochloride were 

iTl^tV^"" "^^^ "^^^'^ generously provided 
by PFIZER, INC. 



20 
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35 



StjiM? cell Un? flPfl ren mltiTrrx Mouse Ltk- 
cells (3X10- per lOcm dish) were transfected using 
the calcium phosphate co-precipitation method with 
the PVIP2.0Z plasmid (20 ^g) containing 2 Jcb of 
5 '-flanking sequences form the human VIP gene 
fused to the E. coli lac z gene (Riabowol et al. 
(1988) Nature 336:83-86). co-transfection with 4 
Jig phyg (Sugden et al. (1985) Mol. Cell. Biol. 
5:410), a plasmid encoding hygromycin B 
Phosphotransferase, and selection in hygromycin 
provided a dominant selectable marJcer. 
Hygromycin-resistant LtJc" clones were screened for 
induction Of B-galactosidase after addition of 
forskolin (10 m and IBMX (0.5 mM) . One clone, 
LVIP2.0ZC, was chosen for use in these 
experiments. LVlP.ozc cells, stably transfected 
with the PVIP2.02 plasmid were maintained in 
Oulbecco modified Eagle medium (OMEM) , 
supplemented with 2.5% fetal calf serum, 7.5% 
newborn calf serum, 25 mg/ml hygromycin, 
penicillin and streptomycin in a 7% oo. 37- Forma 



30 
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"°''""'lcul»1:or. cell. « r «,p.inix d ^1= « 

0.5* Trypsin »d .53 B,«*.«. /lo « 
lish ««! split » , 1=10 «Ki 9r wn in 10 

^^i™ over sev r.1 - nths. Tb ph notype of 
5 the cells seens stable. 

«n.««4d DMA Plasmid DKA was prepared by the 

J. Bacteriol. 114. svv r/iQi»T\ 
™tectlon protocol of Cl»n «kI okay«-a ((1987) 
M^«Il. Biol. 7,2745-2752). ««. follo-in, 

recepw* (1983) Mol. Cell. 

Biol. 3:280-289). ^ a«.«S-SO), th« 

(K0..il.ca. ^-^l^J^;:^^^^^ ..cptor (Bo»«. 
« ^ r SI7, 237:527-531, . th. rat 

T.I. et al. , (i90/J J>W*« flQQOI 

Lmabinoid reoeptor (H.t.»da. I..*, et 

eukaryotic vector) - 

cells cells were transfected by 

^^^^^^^^^^^^"^''t!^^ protocol of 

the calcium phosphate traiwx 

Chen and Olcayama. P^*"^*,!^ 
25 preparation, the amount of DHA retired for 

an optimum calcium phosphate-DMA 
formation of ^^^^ response study is 

precipitate varies; thus, a aos« *^ 
a-i^l.. TO .et UP condition, to^^ O 
coopled receptor., cell. ««e 
30 various a-ount. (5 to 30^9) of pcD pl.«^ >»« 

'° ^tainin, tbe bu-a„ ^■"'^''.^TZ^ 
^X0-c» plate. 

vere u.ed. the amount of «.. fj^^^ 

proportio»lly. r:'^r«^ « of 

35 of DMA usually was very coarse, wxm 



- 10 - 



BNS page 12 

SOCXaO:<WO 83072S4A1> - 



wo 93/07294 ) 

PCr/US92/08202 
DNA the pr cipitate was usually v xy f in whe. 
bs rved with a microscope at low wignlf Ication 
(40X) . Eight to 20/ig gave a punctuate precipitate 
which seems to be taken up by th cells 
5 efficiently. Cells wer trypzlnized 48 h urs 

after transfection, pelleted, resuspended in fresh 
■iedlum, seeded into 96 well microtiter plates 
(flat bottom) at 5-lo x 10* cells/well in lOO/il 
medium, and incubated for an additional 24 hours. 
10 Then lOOMl of medium containing isoproterenol 

(2fM), ascorbic acid (200/iM) and isobutyl methyl 
xanthine (imM) (IBKX, a phosphodiesterase 
inhibitor) was added to each well. Adding medium 
rather than replacing the medium in each well gave 
IS more reproducible results, one hundred 

microliters of medium containing ZBNVascorbic 
acid or forslcolin (l/iM)/iBHX/ascotbic acid were 
added to control wells. To establish conditions 
to assay G,-coupled receptors, cells were 
20 ^J^ansfected with the dopamine p» plasmid DKA as 
described above, seeded into 96 well microtiter 
plates in ioOmI medium and the appropriate ligands 
in loOMl medium were tested for the inhibition of 
forskolin-stimulated fl-galactosidase activity. 
25 Each set of conditions was carried out in 

quadruplicate. After an eight hour exposure to 
ligand the cells were washed with 200^1 phosphate 
buffered saline and B-galactosidase activity was 
assayed. The plates can be stored at -20 'C for 
24-72 hours before performing the B-galactosidase 
assay. 



30 



g-CalactoBidase »<r7T.^ ^offf ,Y . fi-galactosidase 
activity was measured with a microplaCe reader 
(Kolecular Devices, Palo Alto) . The assay is a 
35 modified version of the o-nitrophenyl B-D- 

galaetoside (OHP6) -based assays of Perrin ((1963) 
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Aim. N. Y. Acad. Sci. 81:6349-6353) and H rt n and 
coffin ((1985) Mol. cell. Biol. 5:281:290). The 
Bodif ications include th » thod of c 11 lysis and 
conditions f assay incubati n as utlin d below. 
5 suppressing endogenous galactosidase activity and 
stabilizing the E. coli enryae are critical for 
the success of the assay. 

All the steps in the microassay were 
carried out at room temperature. The assay buffer 
10 is composed of 100 mM sodium phosphate, 2mM M^O., 
O.lmM MnCl., pH 8.0. The adherent cells were 
washed with PBS, the plate drained and 25^1/wll 
of hypotonic lysis buffer added to each well, 
(dilute 1 part buffer with 9 parts water) . Ten 
15 minutes later IOOmI of assay buffer containing 

0.5% (v/v) TritonX-lOO and 40mM 6-mercaptoethanol 
were added. Care should be taken to avoid 
foaaiitg. After an additional 10 minutes, 24,il of 
ONPG (4mg/ml in assay buffer; prepared daily) was 
20 added, and the optical density per well at 405n« 

was determined with a plate reader. Readings were 
taken through 1.5 OD at 405n«, within the linear 
portion of the color development. The initial 
rates, expressed as mOD/minute, are linearly 
25 related to B-galactosidase enzyme ««»'=^^"^^^;*^^^ 
over an enzyme concentration range of 0.1 to lOOmU 
(one unit hydrolyzes one micromole of OMPG per 
minute at 25 degrees, pH 7.5). 

A detailed description of the screening 

30 protocol is provided in Table 1. 
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E3CAMPT.» I 
in r.VTPa .9y|^ ^^11^ 

In preliminary experiaents, forsJcolin 
5 (5/iM) and IBMX (o.SaM) was used to Increase cyclic 
AMP levels. The cells were treated with the drugs 
for 3, 6, or 18 hours, fixed with 2% fomaldehyde 
and 0.2% glutaraldehyde for 10 ainutes at room 
temperature, and exposed to the chromogenic 
substrate, x^al (5-broao-4-chloro-3-indolyl-B-0- 
galactoside, 0.2 mg/ml) for 2 hours at 37-c. More 
than 90« of the cells treated with drugs for € to 
18 hours developed a blue color. Only a few cells 
treated with IBMX alone turned blue. Next, the 
cells were transfected with human B,.adrenerglc 
receptor cONA In the pcD expression vector. 
Seventy-two hours after the DMA was added to the 
cells, IBMX and ascorbic acid (lOO/iM) plus or 
ninus isoproterenol (lOO^M) were added to the 
20 medium. Ascorbic acid was added to prevent 

oxidation of isoproterenol, six, 9 or 18 hours 
later, the cells were fixed and stained with 
0.2mg/ml X-gal. Unfortunately, the number of 
positive cells observed following treatment with 
Isc^roterenol and IBMX was much smaller than the 
number seen following treatment with forskolin and 
IBMX. It was difficult to distinguish plates of 
cells treated with Isoproterenol and IBMX from 
those ea^sed to IBMX alone. 

aiierefore, a quantitative assay was 
developed for the cAMP-mediated Increase In B- 
galactosidase activity. This assay was perfor»ed 
in 96 well plates after solubilization of the 
cells and Incubation with the substrate 0»I>G. 
Thus, the change In optical density over a defined 
period or time was directly proportional to the 
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W093/.7294^^ „. B-,aXact .id,s .ctivity. pticl 
density incr «.«d linearly with tl« up to X.S. 

TIM I.VIW. c <*»t«™i"«<» 
ndog n OS G.-C upl d rec pt vs for POE. 
5 (prostaaXandin E.) and adenoBlne. In pilot 

studle., «ntr«»fected cells «er« treated for 8 
hoars with IBIOC in the presence or ab8M.ce ot BEOl 
r5.-(H-ETBYKaRBOX»MIDO)-ADEHOSllIE. adenosine *. 
receptor agonUtJ , or f orskolin. to inerea- 
„ "^cellJar =»HP level. (Figure 1). «r 
• ^rskolln-treated cell. g«.erated considerably 

hl^er levels of »^a=to.idase activity than the 
«S-treated control cells. Sl«llar re»ilts »«:. 
Ltained by Incubation, of cells with 1 orlO^ 
15 PGE.. «» enzyme levels generated by ^ 

XoS. »BCX. and 0.5^ forsKoim were detenan^ 

b. 8. 30, and 48-fold higher, respectively. th«. 
in tte IBMX control cells. The dif f.r««.. ««« 
discernible by visual exa«inatiof. att«: 3 to 6 



20 hours. 
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in pilot studies, cells were exposed to 
IBMX in the presence or absence for forskolin . 
^sXu NEcI (ll^K), or prostaglandin E. (IMH, for 
2 4, 6, 8, 15, or 18 hours and their B- 
gllactosidase activities »eaBured. As shown in 
Sgure 2. the excellent signal to noise ratios 
were obtained with drug/ligand treatments of 6 to 
15 hours. Dose-response data (Figure 3) were 
Obtained by treating cells with forskolin, NECA, 
Ir PGE. for 8 hours, subsequent studies have shown 
that 6-8 hour exposures to ligand are optimal in 
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boo. the o. «rt a. ...ay., r.f „, A 6-e hour 
drug treat«„t «. u..d, this way. th. assay can 
b« p rfot»«l in on. day and th. .l,„al t „ol.. 
ratio Is quit good. Porsk li„ produ«»d if 
S aaxi,.u= effect at a O.SrtI conc.ntr.tion, low* 

prostaglandin B. «,d w« w.r« r«;uir,d to achiwe 
BaxiBun enzyme induction. 
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EXAMPTJt ^ 
Trans fpcf.ion r>f |- ^eapt-ft^ ff fflfft g 
into T.V7p;>,o2e g^];. 

The high efficiency transfection Bethod 
of Chen and Okayaaa can be used to introduce 
plasBids containing receptor cDHAs into LVIP2.02c 
cells. AS previously shown, the amount of DNH 
used for transfection of cells is critically 
important: too little or too much DNA produces 
poor transient or stable expression of cDHAs. 
Five to lOMg Of PCD plasmid containing B,- 
adrenergic receptor cONA were dissolved in the 
calciua/BES buffered saline transfection solution 
and added to the iobI of tissue culture medium in 
10 cm plates of cells. This amount of plasmid 
gave a punctuate precipitate which could readily 
be seen at 40x magnification and whicSh gave the 
best induction of B^alactosidase in response to 
1A*M isoproterenol. The increase in B- 
galactosidase activity observed with IBMX in the 
presence or absence of isoproterenol was 2 to 4 
times that observed with IBMX alone. The increase 
induced by isoproterenol was blocked by 
coincubation with the antagonist propranolol 
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^^ ^^ ^ ^^^ ..K. ^oso of ifloprotftrgnol ?inf1 flura^ i o n 
5 -f rifFTr-'' ^^^^ gQBPOund 

Three days after transfection with 
plas«ids contiiining the 6,-adrenerglc receptor 
cDNA, LVIP2.02C cells were seeded in 96 
plates and incubated with isoproterenol, ascorbic 
XO acid and IBIDC for 8 hours. The <^ncentra^^^^ 
isoproterenol was varied fro» 10- to lO^M, a 
^Sal effect was seen at lO"^; no ^^^^^^^ 
in optical density was obtained for concent^o^ 
hetwien lO"^; no further change 

was Obtained for concentrations between " "^J^ 
-K The EC« value for isoproterenol was determined 
to' be lOpM (Figure 4A) - LVIP2.0ZC cells were 
■CO \ « ^- o6 well plates and 

transfected as above, seeded in 96 well 

incubated with IpM isoproterenol, *f . 

^ ^ ^ IS a 12 or 18 hours. The best 
and IBMX for 2, 4, 6, 8, " ^ 
signal to noise ratio was found after 6-8 hours 
exposure to drugs (Figure 4B) . 
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LVIP2.0ZC cells were screened for 
endogenous receptors linked to G., Which When 

activated would inhibit the increase in fl- 
Sctosidase activity mediated by ^-^^^^^"^ 
forskolin. Among numerous agonists tested only . 

^XF produced -"^^^J;^^:^^^^^^^ 

used to help optimize a screen for ligan 

can interact with G.-coupled receptors. Cells were 



- 16 - 



ISOOCIDkWO 9307294A1> 



BNSpage 18 



wo 93/07294 

PCr/US92/08202 
tr ated with IBMX, IBMX and forsJc lin (0.5/m), or 
IBMX, forsk lln, and ASIP (i^m) f r i, 2, 4, 6, 8, 
15, r 18 h urs. Th nost r bust inhibit! n f 
f rskolin by ASIP was obs rved between 6 and 8 
5 hours (Figure 5). Lower concentrations of 

forskolin (o.l to 0.5/iM) should be used, however, 
to observe aaxintua inhibition in the assay. The 
highest dose of forskolin is not inhibited as well 
as the two lower doses, but the former nay give a 
10 Bore reproducible level of enzyae induction. 

Inhibition of forskolin-ned^i^l-o d induci-^«T1 
of B«aalaetoaidji«*> dQp>*^p|n^ 

9ff ggllg with dopamine reeftp te r enwA 

Cells were transfected with 5, 10, 15, or 
20 Mg of D^c/KSV, a plasBid containing the 
receptor isoform. Ten ng of plasmid per 10 ml in 
a 10 cm dish gave the best looking precipitate, 
20 and aliquots of a suspension of cells from this 
dish were added to wells of a 96 well plate. 
Three days after the transf action, IBMX was added 
to all of the wells. B-galactosidase activity was 
elevated with forskolin (0.5/iM) alone or in 
25 combination with dopamine, or the D, selective 

agonist, quinpirole, to block this increase. The 
dopaminergic agonists were added in concentrations 
of 1 to IOOmM. 100 MM ascorbic acid was added to 
the medium to prevent oxidation of the ligands 
30 (Pigure 6A) . Dopaminergic agonists alone had 
little or no effect on B-galactosidase levels. 
Significant inhibition of forskol in-stimulated 
increase of B-galactosidase activity was observed 
with either lO/iM dopamine or 10 or iqOfM 
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qainpirole. A» expect d, quinpir 1 was more 
potent than d pamin . 

Transfecti ns and assays as described 
above were used successfully to "diagn s " th 
5 rate cannabinoid or the human muscarinic m, 
receptor. Addition of l|iM agonist CP55940 
decreased forskolin stimulated activity by 15% in 
cells expressing the cannabinoid receptor (Figure 
6B) . Similar decrease was observed after addition 
of imM carbachol to cells expressing the 
nuscarinic acetylcholine receptor (Figure 6C) . 
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Tabl 1 
SCREENING PROTOCOL 

Day 1 Trypzinize exp nentially gr ving 

LVIP2.02C cells, seed 5x10' cells/10 cm- 
S plate, incubate overnight in lOnl growth 

aediua. 

Day 2 Transfect cells with lO-20/ig plasaid DNA 
wing Ca,PO. technique, see Materials and 
Methods, incubate 15. to 24 hours at 35 -c 
under 2-4% CO,. 
Day 3_ Wash cells 2x with growth aediua, refeed, 

incubate 24 hoiirs at 37 'C under 5% CO . 
Day 4 Trypzinize cells, pellet, seed in 96 well 
aicrotiter plates 5-lOxlO' cells/well, 
incubate overnight in 100^1 growth 
aediua. 

Day 5 To control wells (e.g, quadruplicates) 

add lOO/il aediua + laM IBMX with (control . 
stiaulation) or without (control basal) 
2° !/« forskolin. To reaaining wells add 

agonist (s) in IOOmI aediua + laM IBMX 
with (G, -coupled) , or without (G.-coupled) 
IMM forskolin. Include antioxidants 
and/or protease inhibitors as required. 
Incubate 6-8 hours at 37 'C under 5% co,. 
Wash cells with 200m1 PBS and drain. 
C^Hs can be stored at -20 •C for 24-72 
hours). 

Day 6 Add 25/*l diluted assay buffer/well, wait 
10 ainutes, then add lOO/il assay buffer, 
wait 10 ainutes, then add 25m1 of 
substrate. (onpg 4iBg/al assay buffer). 
View color development visually or 
aeasure spectrophotoaetrically at 405na 
in a plate reader. 
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All publicati ns aentioned hereinabove 
are hereby inc rporated in their entirety by 
reference. 

5 While the foregoing invention has been 

described in some detail for purposes of clarity 
and understanding, it will be appreciated by one 
skilled in the art fro» a reading of this 
disclosure that various changes in form and detail 
10 can be inade without departing fro. the true scope 
of the invention and appended claiM. 
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1. A nethod f Identifying ligands which bind 
t G-pr tein coupl d r cept rs coaprising: 

expressing a G,-coupled receptor gene in a 
eucaryotic cell wherein said cell contains a 
cyclic AMP sensitive reporter construct; 
adding a ligand to said cell; and 
assaying for the amount of cyclic AMP. 

2. The aethod according to claia 1, whcnrein 
said cyclic AMP sensitive reporter construct 
comprises a cyclic AMP responsive enhancer 
element. 

3. The method according to claim 2, wherein 
said cyclic AMP sensitive reporter construct 
further coaprises a Lac Z gene. 

4. The method according to. claim 3, therein 
said cyclic AMP sensitive reporter construct is 
pI.VIP2.OZ. 

5. The method according to claim 4> wherein 
said cell comprises a cell from cell line 

LVIP2.0ZC. 

6. - The method according to claim 1, wherein 
said assaying step craiprises adding a chromogenic 
substrate and assaying for change in chromogenic 
substrate. 

7. The method according to claim 6, wherein 
said chromogenic substrate is o-nitrophenyl fi-D-> 
galactopyranoside . 
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8. The m thod according to claim 1, wh rein 
said G-coupled receptor gene is encoded by a cDMA. 

9. A method f identifying an antag nist of a 
ligand wherein said ligand binds to a G-protein 
coupled receptor comprising: 

expressing a G-coupled receptor gene or cDNA 
in a eucaryotic cell wherein said cell contains a 
cyclic AMP sensitive reporter construct? 

adding a ligand and antagonist to said cell; 

and 

assaying for the amount of cyclic AMP. 

10. The method according to claim 9, wherein 
said cyclic AMP sensitive reporter construct 
comprises a cyclic AMP responsive enhancer 
element. 

11. The method according to claim 9, wherein 
said cyclic AMP sensitive reporter construct 
further comprises a Lac Z gene. 

12. The method according to claim 11, wherein 
said cyclic AMP sensitive reporter coiistruct is 
pI.VIP2.OZ. 

13. The method according to claim 12, wherein 
said cell comprises a cell from cell line 
I.VIP2.0ZC. 

14. The method according to claim 9, wherein 
said assaying step comprises adding a chromogenic 
substrate and assaying for change in chromogenic 
substrate. 
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sald^fh according t elal. 14, wherein 

said chronog nic substrate is o-nitr phenyl B-D- - 
galact pyran side. 

16. The method according to clai. 9, wherein 
said G-coupled receptor gene is a G.-coupled 
receptor gene. 

17. A method Of identifying ligands ^ich 
bind to a G-protein coupled receptor comprising: 

expressing a G.-coupled receptor gene of 
cIMiA_in a eucaryotic cell wherein said cell 
contains a cyclic AMP sensitive reporter 
construct ; 

adding forskolin and a ligand; 

assaying for the amount of cyclic AHP- 
and ' 

identifying agonist induced reduction of 
forskolin activity. 

18. A method of identifying an antagonist of 
a ligand which binds to a G-protein coupled 
receptor comprising: 

eacpressing a G.-coupled receptdr gene of 
CDNA in a eucaryotic cell wherein said cell 
contains a cyclic AMP sensitive reporter 
construct; 

adding forskolin, ligand, and antagonist; 
assaying for the amount of cyclic AMP; 

and . 

identifying agonist Induced reduction of 
forskolin activity. 



19. A mouse L cell that comprises a 
recombinant cyclic AMP sensitive reporter 
construct. 



PCr/US92/08202 
«. C.U .ccordln, 1» clal- «, »..-r.in 

said construet caiwri.e« . cyclic »MP responsive 
enhanc r element. 

21. The cell according to clai. 19, wherein 
said cyclic AMP sensitive reporter construct 
conprises a Lac Z gene. 

22. The cell according to clai. 19. wherein 
said construct is stably integrated into genomic 
DHA o£ said cell. 

23. The cell according to clai. 19, wherein 
said construct is pI.VIP2.OZ. 

24. The cell according to clai. 23, wherein 
said cell is a LVIP2.0ZC cell. 



24 



OOCIO:«dNO S3a7294A1> 



wo 93/07294 



PCT/US92/08202 




OPTICAL DENSITY 
(405 nm) 



^ /a 
SUBSTITUTE SHEET 



THIS PAGE BLAMK (uspto) 



wo 93/07294 



PCr/US92/08202 




OPTICAL DENSITY 
(406 nm) 



2 / 8 



<WO 93(I7294A1> 



SUBSTITUTE SHEBT 



BNS page 28 



TH!S PAGE BLANK (uspto) 



wo 93/07294 



PCr/US92/08202 




OPTICAL DENSITY 
(405 nm) 



3 /8 



OCID:<WO 83a72g4A1> 



SUBSTITUTE SHEET 



wo 93/07294 

PCryUS92/08202 




OPTICAL DENSITY 
(405nm) 



4 / 8 



Kta-em g3a7294Ai> 



SUBSTITUTE SHEET 



PASB BLANK 



(USPTO) 



wo 93/07294 



PCT/US92/08202 




OPTICAL DENSITY 
(405 nm) 

5 /8 



'Cll><WO 9307294A1: 



SUBSTITUTE SHEET 



J*' 



JHIS^GE BLAMK (usptcj) 



wo 93/07294 



PCr/US92/08202 



CD 




OPTICAL DENSITY 
(405 nm) 



6 /8 



XXai%<WO 8307Z94A1> 



SUBSTTTI JTP QWcirr 



IS PAGE BLArJK (uspto) 



wo 93/07294 



PCr/US92/08202 




FORSK+ 
CP55940 



FORSK 



CP55940 



IBMX 



OPTICAL DENSITY 
(405 nm) 



CD 




J. 
o 



o 

lO 



=IO:<WO 93072SM1> 



J. 



o o 
o o 
sr ro 



O 

o 

CM 



FORSK+ 
CARB 



FORSK 



CARB 



BMX 



O 
O 



OPTICAL DENSITY 
(405 nm) 

7 /8 

-CUcrr 



BNSpagsSS 



* P^GE BLANK 



^0'»f<^ PCr/lK92/082D2 





O 
iO 

CO 





O 
O 
O 
CM 



JL 



O 
O 

to 



o 
o 
o 



o 
o 

IO 



OPTICAL DENSITY 
(405 nm) 




FORSK+ 
lOOQUIN 



FORSK+ 
lOQUIN 

FORSK+ 
IQUIN 



FORSK+ 
ODA 



ORSK+ 
OA 




FORSK 



QUIN 



DA 



IBMX 



0 / B 



SUBSTITUTE SHEET 



THIS PAGE BiAm (uspto) 



INIERNATIONAL SEARCH SEF08T : — 

w» tujVKT [infeiBatidiial application 

. . I PCT/US92/08202 

A. CLAssmcAnON OP subject matter 

B. WELDS SEARCHED ^^'''''^'^ ^ ^ ^ 

V-S. : 435/6. 7.1. 7^. «>.l. 240.1. 240^ 240^; ^. ^ 

I— 



c 



"O'^PMBIfTS CONSTOEHED TO BE RELEVANT 



EXPRESSION OF GENES TONTA INDUCES 
I CEMENTS-. PAGEs'S^a^iSSSlBSi^'^*^^'*"'^ ENHANCER 

l«.A.5426^,<MOSSErAL,30iUNE,9«.CLAIMSl-I3.ENmEDOCUME^^ a-24 



Relevint to daim No. 



□ 

Fintlier <ioeiiineals are listed 



jnUiccontiauationofBoxC. fl Sec patent ikmily a««. 



•A" 

I'E" 



docutocoipublklied prior tolfce 

Ine pi i uiuy dale " 



IfilbCdtfBbMltterihn .^^ 
I Date Of the actual completion of the intemational 
24 OCTOBER 1992 



iBeaieh 



Name and mailiag address of the ISA/ 

W iM hin i po B, DX. 20231 
I Facsinule No. NOT APPUCABf p 
Fbm PCT/ISAmo (second iheetMJuly 1992)* 

B307294A1> 



i>eia( obviowto ■ penooikaW fa Ae ut 
do«MaaMBiih croftfiewae|»lMtteily 
Date f mailing of the 



uung ortbe mteniMvnl 



Authorized f&cer 

CIAN WANG 
Teleph neNo. r7Q3) 308-01 



Much report 



BNSpago3S 



